Among mammalian cells, the ability to proliferate and to form colonies in semisolid medium is generally limited to two kinds of cells, malignant (transformed) cells and cells that belong to the hemopoietic system . The latter include the progenitor cells of erythroid series (1) and the bone marrow hemopoietic colony-forming cells in culture that are considered to be the progenitors of the myeloid series (2, 3) .
A class of mouse peritoneal exudate cells capable of clonal growth in soft agar medium has recently been described (4) (5) (6) . Their requirements for optimal growth in vitro resemble those of the bone marrow hemopoietic colony-forming cells. However, peritoneal colony-forming cells have a long lag period (7-14 days) before beginning proliferation and produce only mononuclear phagocytes (4) . Since peritoneal colony-forming cells are not present in the peritoneal cavity of mice unless the mice are first given thioglycollate medium or other stimulants locally, they are either "activated" resident peritoneal cells or cells attracted to the site from other parts of the body after stimulation (5) .
The free alveolar cell population consists mainly of macrophages which are believed to be derived from multipotent hemopoietic stem cells present in bone marrow (7) (8) (9) (10) . Even under normal laboratory conditions, the alveolar space is constantly exposed to air that contains various particulate materials, microorganisms and other substances that may act as stimulants. We therefore speculated that even without any additional stimulation, free alveolar cells might contain a class of colony-forming cells similar to that seen in stimulated peritoneal cavities . To test this possibility, we plated hamster free alveolar cells in soft agar containing a source of colony-stimulating factor . Hamsters were used since a reasonable number of free alveolar cells could be obtained from a single animal . Bone marrow cells from the femurs of these hamsters were also grown under identical culture conditions for comparison . A limited study was also carried out with free alveolar cells obtained from mice and rats .
Materials and Methods
Animals. Male syrian golden hamsters weighing 100-130 g were obtained from Engels Laboratory Animal Inc., Farmersburg, Ind. Rats (Wistar) weighing 150 g were obtained from National * Supported by U. S. Public Health Service grants CA 13053 from the National Cancer Institute and HL 16118 from the National Heart and Lung Institute. Free Alveolar Cells . The hamsters were first anesthetized with Nembutal and then killed by exsanguination . To obtain free alveolar cells the method of Brain and Frank was used (11) . A sterile polyethylene tube was inserted through the trachea and the lungs were washed internally four times with 5 ml saline (0 .15 M NaCl solution). We recovered 1-5 x 106 cells/hamster . They consisted of 90% macrophages and 5-8% polymorphonuclear cells with a few lymphocytes and other types of cells (ciliated cells, etc.) .
Bone Marrow Cells . The femurs were cleaned, their ends cut off, and, using an 18 gauge needle attached to a 3 ml syringe, the marrow cavity was repeatedly aspirated with alpha medium (12) .
Assay for Colony-Forming Cells . The techniques and medium used for the soft agar culture were similar to those for mouse bone marrow and peritoneal exudate cells (5) Preparation of Conditioned Medium . BHK cells were seeded in 75 cm' Falcon culture flasks at 1 x 106 cells in 10 ml alpha medium containing 10% fetal calf serum. 7 days later, the medium was removed and centrifuged at 400 g for 10 min and then filtered through a 0.22 gm filter and stored frozen . Conditioned media from other established cell lines were obtained by the same procedure. To prepare a hamster spleen or kidney cell-conditioned medium, spleens or kidneys were minced with scissors and then the minces were pressed through a fine stainless steel screen . Spleen or kidney cells were plated at 2 x 10' cells in 10 ml medium . The medium was harvested 7 days later and processed as above . Conditioned media from the fibroblasts of 15-to 19-day old rat and mouse embryos were prepared as described previously (5) . BHK cells were obtained from Dr . B. Weiss, Washington University, St . Louis, Mo ., and human embryo kidney cells from Microbiological Associates, Inc., Bethesda, Md ., Studies of Phagocytosis . Colonies from the culture dishes were removed with a Pasteur pipette under a dissecting microscope and suspended in alpha medium containing 10% fetal calf serum . A suspension of single cells was prepared by passing the colonies several times through an 18-gauge needle attached to a syringe. Cells were allowed to attach to the surface of tissue culture dishes overnight at 37°C in an incubator . Nonadherent cells and agar were then washed off with warm medium . Heat-killed yeast suspension along with guinea pig complement was added to the dishes and the incubation continued for 30 min . Free yeast cells were washed off with alpha medium .
Test for the Presence of IgG Receptor . Antibody-coated sheep red blood cells (SRBC) were added to the dishes containing adherent cells obtained from alveolar cell cultures . After 30 min of further incubation, SRBC not bound or ingested by cells were washed off from the dishes with warm medium . Antisera to SRBC were prepared in AKR mice 10 days after a single intraperitoneal injection of washed SRBC .
Morphology . For rapid classification, colonies were stained with 0 .6% orcein in 60% acetic acid and cells examined at times 400 magnification. For high resolution light and electron microscopy, cultures were prepared by a modification of the method of Zucher-Franklin (13) . The Petri dishes were flooded with 3% glutaraldehyde in 0.1 M cacodylate buffer, pH 7 .3, and returned to the incubator overnight. After primary fixation, the glutaraldehyde was replaced with two 10 min 'Abbreviation used in this paper : BHK, baby hamster kidney . changes of buffer, followed by fixation in 1% OsO, in cacodylate buffer for 90 min. The agar was dehydrated with successive changes of increasing concentrations of acetone in the Petri dish to 80% acetone then transferred intact to a polypropylene container, where dehydration was completed and the agar infiltrated with epoxy resin (14) overnight. Individual clones in agar were dissected from the infiltrated specimen, transferred to Beam (Ernest F. Fullam, Inc., Schenectady, N. Y.) capsules containing fresh epoxy, and the blocks polymerized for 12 h at 37°C and for 48 h at 60°C . 1 Am sections were stained for light microscopy with toluidine blue . Thin sections were stained for electron microscopy with uranyl acetate and lead citrate.
Results
Development of Colonies in Bone Marrow Cell Culture . When 5 x 104 nucleated bone marrow cells were plated per dish, the replication of cells began within 24 h. By day 7, most of the colonies contained more than 500 cells . Degeneration of cells in colonies usually occurred after 9 or 10 days of incubation . The incidence of colony-forming cells in bone marrow cultures counted on day 7 was 25 ± 15 (SD)/5 x 104 cells . As with mouse bone marrow cultures three types of colonies, granulocytic, macrophage, and mixed type (15) , were observed in hamster bone marrow cell cultures . There were some bone marrow cells that did not begin multiplication until 3-4 days after initiation of the cultures . These cells rarely formed aggregates of more than 50 cells, however, and the cells in these aggregates degenerated at the same time as those in large colonies .
Development of Colonies in Alveolar Cell Culture. In sharp contrast to bone marrow cells in culture, the first division of all cells in alveolar cell cultures did not take place until after 4-8 days of incubation . Colonies began to appear after 10-12 days and increased in number with time up to 18-21 days . As a standard procedure therefore, colonies were counted on day 21 . The length of the initial lag period, the rate of cell proliferation, and the size of colony were dependent on the number of cells originally plated in the dish. Alveolar cells which were plated in higher concentrations had a tendency to divide earlier than those plated in lower concentrations . The morphology of alveolar cell colonies generally resembled that of bone marrow macrophage colonies (Fig . 1) . The fraction of free alveolar cells which was capable of forming colonies in soft agar was fairly constant among different individual hamsters that were housed in two separate animal facilities and tested over a period of 3 mo . It ranged from 24 to 183 colonies/10 3 cells with an average value of 81 . Enumeration of alveolar colonyforming cells indicated a linear relationship between the number of alveolar cells plated and the number of colonies (Fig . 2) , suggesting a single cell origin of the alveolar colonies .
Since mouse peritoneal colony-forming cells can form colonies in liquid culture as well as in agar medium (16) , between 10 3 to 10 5 hamster alveolar cells in 1 ml of complete medium without agar were seeded in 35 mm tissue culture dishes with or without cover glasses to see whether they also form colonies on a glass or plastic surface . Unlike mouse peritoneal cells, the majority of hamster cells did not adhere tightly to the bottom of the dishes and they rarely formed discrete colonies . However, there was a definite increase in the number of cells in these plates with time.
Identification of Cells Present in Alveolar Cells Colonies . Various times after incubation, cell aggregates from alveolar and bone marrow cultures were picked, stained, and examined . Both mononuclear cells resembling macrophages and polymorphonuclear cells were present in bone marrow cell cultures during the first 8 days of culture. In contrast, no polymorphonuclear cells were ever observed in alveolar cell cultures even between day 5 to day 10 when cell aggregates were still quite small. In 1-Am thick sections the cells comprising the alveolar cell colonies ranged up to 25 p.m long. Their outline was markedly irregular with many pseudopodia . Their nuclei were eccentrically placed and generally oval or indented, often with an irregular or crenated outline . Their cytoplasm was abundant and filled with vacuoles (Fig . 3 a) . Electron microscopy ( Fig . 3 b) showed the presence of a distinct cytocenter adjacent to a nuclear indentation and containing the centriole and a large Golgi zone . The endoplasm surrounding the cytocenter contained short lamellae of rough endoplasmic reticulum, numerous mitochondria, and many membrane-bound vacuoles. The vacuoles contained clumps of dense granular material as well as fine branching threads of a substance which resembled the surrounding agar, suggesting an endocytic origin of the vacuoles. Numerous coated vesicles at the periphery of the cells also suggested active endocytosis . Only very rare, dense membrane-bound granules were present . Fibrils of two types were seen in the cytoplasm. In the central region, near the Golgi zone, there were numerous 70-90 EL filaments, which tended to be in parallel arrays . Ectoplasmic projections devoid of organelles usually contained a feltwork of very fine filaments .
Cells obtained from 15-to 25-day old alveolar cell colonies were allowed to attach to tissue culture plate surfaces overnight and those which adhered to the surface were tested for the ability to phagocytize yeast particles and for the presence of IgG receptors . About 30% of cells adhered to the surface of the dishes and 40-60% of these adherent cells took up yeast particles . When antibodycoated SRBC were added to the dishes about 80% of these adherent cells had three or more SRBC on their surface .
Requirement for BHK-Cell-Conditioned Medium . Both mouse bone marrow hemopoietic colony-forming cells in culture and peritoneal exudate colonyforming cells are known to require a colony-stimulating factor for initiating and sustaining growth in agar (5) . When BHK-cell-conditioned medium was omitted from the agar medium, no colony formation was observed in either hamster To test whether alveolar cells require BHK-cell-conditioned medium for continuous replication, cells from 18-day old alveolar cell cultures were obtained and subcultured in fresh agar medium with or without conditioned medium . Cells plated in fresh agar medium supplemented with conditioned medium continued to proliferate whereas cells in agar medium devoid of conditioned medium failed to replicate, indicating BHK-cell-conditioned medium is also required for sustaining the growth of alveolar cells .
Effect of Various Conditioned Media . Media conditioned by cells other than BHK cells were tested for their ability to stimulate the growth of hamster alveolar and bone marrow cells . The results from several separate experiments were summarized and are shown in Table I . Various conditioned media not only gave a different incidence of colony formation but also influenced the morphology and size of colonies formed . For instance, medium conditioned by hamster spleen cells was as good as medium conditioned by BHK cells when the incidence of colony formation was compared . However, the alveolar cell colonies formed in the presence of the former contained fewer cells and the cells were more tightly packed than those stimulated with BHK-cell-conditioned medium . Some media conditioned by cells from other species also stimulate the growth of both hamster alveolar and bone marrow cells .
Colony Formation by Alveolar Cells from Mice and Rats . Free alveolar cells from mice and rats were obtained by the same technique used to obtain hamster cells . Cells from bronchial washing of four to five mice were pooled and plated in both agar and liquid culture . L-cell-conditioned medium was used as the source of colony-stimulating factor . Like mouse peritoneal exudate colony-forming cells, mouse alveolar cells formed colonies equally well in both agar and liquid Alveolar cells obtained from healthy, unstimulated rats also proliferated and formed colonies in agar supplemented with rat embryo fibroblast-or L-cellconditioned medium . The formation of colonies in liquid culture was not as reliable as that in agar . The fraction of agar colony-forming cells in rat bronchial washings was about 1% .
Discussion
The present study has shown that cells obtained by bronchial lavage from normal healthy hamsters contain cells that are capable of clonal growth in soft agar . The results also show that medium conditioned by BHK cells or other cells is required for the initiation and continuation of alveolar cell proliferation.
The morphologic features of the cells in colonies are those of macrophages. The eccentric nucleus, abundant cytoplasm with pseudopodial projections, the large perinuclear Golgi zone, and the many presumably endocytic vacuoles are all characteristic of macrophages . In vivo alveolar macrophages have large lysosomal granules . These granules contain the residue of inhaled and phagocytized materials to which the cultured cells have not been exposed. Since such phagocytized material as may have been present in the starting cell sample, will have been diluted by subsequent cell divisions, the absence from cultured cells of the dense granules characteristic of alveolar macrophages is not unexpected . Filaments have been described in macrophages by a number of investigators (17) (18) (19) which were similar to those seen in the cultured cells. In addition to their morphology, three criteria identified the cells in colonies as mononuclear phagocytes : adherence to glass or plastic, avid phagocytosis, and the presence of gamma globulin receptors.
The ability to form colonies in agar is not limited to alveolar cells obtained from hamsters alone. Cells from both mice and rats formed colonies under appropriate culture conditions, indicating the generality of the phenomenon . These studies also indicate that alveolar colony-forming cells resemble peritoneal colony-forming cells (4, 5) in having a long lag period before the first replication and in producing only mononuclear phagocytes . It would be extremely interesting to find out whether they belong to the same class of cells.
The bone marrow colony-forming cell in culture morphologically resembles a transitional lymphocyte (20) . Although alveolar colony-foming cells have not been morphologically identified, it appears that they are a subpopulation of alveolar "macrophages ." This follows from the fact that 8% or more of free alveolar cells are colony-forming cells. Except for mature granulocytes, only macrophages were present in the starting cell population in sufficient numbers to account for the colonies . Studies are under way to isolate and characterize this class of colony-forming cells.
Alveolar macrophages from experimental animals and men have been shown to divide in vivo (21) and in vitro (22) (23) (24) (25) . However, to our knowledge, this is the first attempt to grow alveolar cells in soft agar and to quantitate the fraction of cells that have the capacity of extensive proliferaiton . The technique, however, only provides a minimum figure for proliferative cells, since there may be cells that require different conditions for multiplication .
Summary Free alveolar cells obtained from healthy unstimulated hamsters were tested for their ability to form colonies in soft agar . Every bronchial washing so far tested contained colon-forming cells. The average plating efficiency was 8.1% (2.4-18 .3%) . Alveolar colony-forming cells were characterized by having a long initial lag period (4-8 days) and only mononuclear phagocytes were found in the colony . Medium conditioned by baby hamster kidney cells or other cells was required for the initiation and maintenance of their growth . Alveolar cells from normal mice and rats also formed colonies under appropriate culture conditions.
Received for publication 9 June 1975 .
